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ABSTRACT
We report new observations of multiple transitions of the CS molecular lines in the SgrA region of
the Galactic center, at an angular resolution of 40′′ (=1.5 pc). The objective of this paper is to study
the polar arc, which is a molecular ridge near the SgrA region, with apparent non-coplanar motions,
and a velocity gradient perpendicular to the Galactic plane. With our high resolution dense-gas maps,
we search for the base and the origin of the polar arc, which is expected to be embedded in the Galactic
disk. We find that the polar arc is connected to a continuous structure from one of the disk ring/arm
in both the spatial and velocity domains. This structure near SgrA* has high CS(J = 4–3)/CS(J =
2–1) ratios ≥ 1. That this structure has eluded detection in previous observations, is likely due to the
combination of high excitation and low surface brightness temperature. We call this new structure
the connecting ridge. We discuss the possible mechanism to form this structure and to lift the gas
above the Galactic plane.
Subject headings: Galaxy: center – ISM: clouds – galaxies: starburst
1. INTRODUCTION
Since our Galactic center (GC) is the nearest nucleus
of a galaxy (d=8.5 kpc) (Reid 1993; Ghez et al. 2008;
Reid et al. 2014), it offers an excellent opportunity to
study the detailed structures and dynamics in the cir-
cumnuclear environment. Our focus is on how the com-
plex activities in the nuclear region, might be related to
the large scale structures. Both inflow into and outflow
of material from the nuclear regions can be related to the
large scale structures.
On the possibility of inflows, we examine first
the dynamical models. Previous observations show
that the GC exhibits two prominent molecular
rings: the 200-pc twisted ring (TR) in the central
molecular zone (CMZ) (e.g. Scoville 1972; Bania
1977; Bally et al. 1988; Morris & Serabyn 1996;
Dahmen et al. 1998; Tsuboi et al. 1999; Oka et al. 2005;
Martin et al. 2004; Molinari et al. 2011; Mart´ın et al.
2012; Oka et al. 2012; Jones et al. 2012, 2013;
Longmore et al. 2013) and the 2-pc circumnuclear
disk (CND) (e.g. Guesten et al. 1987; Jackson et al.
1993; ?; Amo-Baladro´n et al. 2011; Harris et al. 1985;
Mezger et al. 1989; Etxaluze et al. 2011; Lau et al.
2013; Wright et al. 2001; Montero-Castan˜o et al.
2009; Herrnstein & Ho 2005a; Christopher et al. 2005;
Requena-Torres et al. 2012; Mills & Morris 2013).
These two molecular rings are important because
of the possibility that they are the gas reservoirs
to fuel the central supermassive black hole (SMBH)
SgrA* (Reid & Brunthaler 2004; Ghez et al. 2008;
Gillessen et al. 2009), as well as the episodes of massive
star formation within the CMZ (e.g., the HII regions in
the 50 km s−1 cloud, the three young star clusters, as well
as the SgrB complex at 120 pc from SgrA*)(Figure 1a).
The 200 pc TR could be a nuclear spiral produced by the
non-axisymmetric potential (Sofue 1995; Binney et al.
1991; Sawada et al. 2004). This is supported by the
recent work of Kruijssen et al. (2015b), who have con-
structed an orbital model for the gas streamers observed
within the CMZ (Molinari et al. 2011), by integrating
orbits in the empirically constrained gravitational poten-
tial. Within the TR, Sofue (1995) had further proposed
the existence of the inner nuclear spirals (arm III, arm
VI) with an extent of 70 pc, and which are headed
towards SgrA. Arm III is also called the polar arc (PA)
by Bally et al (1988). We show the CS(J = 1–0) line
emission (Tsuboi et al. 1999) of the PA in Figure 1b.
The PA extends north of the SgrA complex at a 40◦
angle away from the Galactic plane, and shows a large
velocity gradient from (l, b, Vsys) = (0
◦, 0.◦05, 70 km s−1)
to (l, b, Vsys) = 0.
◦2, 0.◦25, 140 km s−1. Below Vsys of 70
km s−1, the PA lies close to the Galactic plane and
becomes confused with the molecular clouds in the SgrA
region. The SgrA region consists the radio continuum
emission of SgrA East, SgrA West, and the radio halo
(bipolar lobe). Concentrations of the molecular clouds
are located on the boundaries of the continuum sources.
The clouds are known as 20 km s−1 cloud (M-0.02-0.07)
and 50 km s−1 cloud (M-0.13-0.08). Thus, from the
dynamical models, gas could be brought from the 200
pc scale into the nuclear region via the PA structure.
Then, there is the possibility of outflows. As shown
in Figure 1a (Yusef-Zadeh et al. 2004), the 20 cm radio
continuum emission shows several features related to the
life-cycle of massive star formation: (1) the radio arc and
the nonthermal radio filaments (NTF) (e.g. ?Lang et al.
1999; Yusef-Zadeh et al. 1984), the arches cluster and
the quintuplet cluster (∼ 104M⊙) (Figer et al. 1999b,a,
2002); these features are related through the collec-
tive winds of massive WR and OB stars, as well as
the interactions between shocked charged particles and
the Galactic magnetic field (Lang, Zadeh, Rosner and
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Bodo 1996) which can generate and illuminate the
magnetized filaments; (2) the supernovae remnants of
SgrA East (Zhao et al. 2013; Sjouwerman & Pihlstro¨m
2008; Maeda et al. 2002; Yusef-Zadeh & Morris 1987;
Ekers et al. 1983), the radio halo (Pedlar et al. 1989),
and the south east (SE) lobe (Zhao et al. 2014); these
various lobe-like features could be due to the expan-
sion, flow, and compression of the ISM by the supernova
SgrA East; (3) the north west (NW) lobe; this structure
could be produced by activities within 0.5 pc of the GC
(Zhao et al. 2014).
The observational kinematical data which support
both the inflow and outflow scenarios are already col-
lected. Many studies have already been made with low-
excitation molecular lines and with low angular resolu-
tions (e.g. Burton & Liszt 1983; Bally et al. 1987, 1988;
Burton & Liszt 1992; Tsuboi et al. 1999). High angu-
lar resolution studies also exist. For the CND and the
central 10 pc, early studies have focused on the inter-
actions between the nearby SNR with NH3(3, 3), CS(J
=7–6) lines (SgrA East: Ho et al. (1985); Serabyn et al.
(1992), G359.02-0.09: Ho et al. (1985); Coil & Ho (2000)
and the ambient molecular clouds (the 20 km s−1
cloud or M-0.13-0.08, and the 50 km s−1 cloud
or M-0.02-0.07: Ho et al. (1985, 1991); Serabyn et al.
(1992); Tsuboi et al. (2009). Serabyn et al. (1992) and
(Ho et al. 1985) showed that the inner edge of the am-
bient clouds have high density and curves around the
SNRs. This implies that the local SNRs are impacting
and compressing the circumnuclear environment. More
recent studies of CS(J = 1–0), NH3(6, 6), HCN(J = 4–3)
lines have focused on the possibility of inflows which im-
pact upon the CND (Minh et al. 2013; Liu et al. 2012).
Streamers of molecular material appear to flow into the
central parsec of the nucleus.
However, connecting the inner region and the outer
regions remain difficult. Previous studies could not re-
solve the central 70 pc (30′) of the Milky Way, princi-
pally because of contamination by the emission and ab-
sorption of the foreground cold gas. Hence, the relation
and the physical connection between the CMZ, the in-
coming streamers, the PA, and CND remains uncertain
(Wardle & Yusef-Zadeh 2008; Liu et al. 2012).
In this paper, we would like to focus on the inner
10 pc, and seek the connection between the PA and
the CND. SMA HCN(J = 4–3) line map of the CND
(Montero-Castan˜o et al. 2009) demonstrated that the
high-excitation transitions are less affected by the fore-
ground cold gas along the line of sight. These previous
SMA studies were limited to the CND, and the extended
emission was filtered out because of the lack of short
spacing information. Here, we use the Caltech Submil-
limeter Observatory (CSO) 10 m single dish telescope to
study the nuclear structure and its dynamics with the
CS(J = 5–4) and the CS(J = 4–3) lines. This allows us
to sample the large scale structures with adequate spa-
tial resolution, while utilizing the higher excitation lines
to suppress foreground confusion. We compare this data
with the archival CS(J = 1–0) line data (Tsuboi et al.
1999) and the CS(J = 2–1) line data (Hsieh et al. 2015,
(Paper II)) taken with the Nobeyama 45m telescope, in
order to study the gas excitation.
2. OBSERVATIONS
We observed the GC with the CSO 10 m telescope us-
ing the CS(J = 4–3) (195.9542 GHz),and CS(J = 5–4)
(244.9356 GHz) lines during 2013 June. The 230 GHz
sidecab receiver was used with a backend of the Fast
Fourier Transform Spectrometer (FFTS1) for all the ob-
servations. We used the wide bandwidth mode with the
bandwidth of 1000 MHz, where the default resolution
was 122 kHz. This yielded an intrinsic velocity resolu-
tion of 0.19 km s−1 and 0.14 km s−1 for the CS(J = 4–3)
and CS(J = 5–4) lines, respectively.
The average system temperatures ranged from 190 K
to 700 K during the observing runs. Pointing was checked
every hour using Saturn and IRAS 16293. The pointing
accuracy was ∼ 6′′. The standard chopper calibration
method was used to measure the T ∗A. We used the on-
the-fly (OTF) mapping technique with 20′′ and 10′′ grids
for CS(J = 4–3) and CS(J = 5–4) lines, respectively. We
used CLASS to remove the spectral baseline with poly-
nominal functions of orders from 1 to 3. The spectra are
gridded onto each pixel and are convolved with a Gaus-
sian function. The final angular resolution and rms noise
per channel are 38′′ and 0.07 K for the CS(J = 4–3) line,
and 30′′ and 0.2 K for the CS(J = 5–4) line. The temper-
ature scale presented in this paper is T ∗A, which is the cal-
ibrated and atmosphere-corrected antenna temperature.
Therefore the main-beam brightness temperature Tmb is
T ∗A/ηmb, where the ηmb is the main-beam efficiency. We
determined the main beam efficiency (ηmb) by observing
the continuum flux of Saturn (?). We adopted the value
ηmb=0.4 and 0.3 for the CS(J = 5–4) and CS(J = 4–3)
lines, respectively.
3. RESULTS
3.1. Integrated Intensity Maps
Figure 2 shows the integrated intensity (moment 0)
maps of the CS(J = 1–0) (Tsuboi et al. 1999), CS(J =
2–1) (Paper II), CS(J = 4–3), and CS(J = 5–4) lines inte-
grated within ±160 km s−1. These maps were smoothed
to the same resolution of 40′′ for comparisons. Over-
all, the higher-J CS(J = 4–3) and CS(J = 5–4) lines
are less sensitive to the diffuse emission as shown in the
lower-J CS(J = 1–0), HCN(J = 1–0), HCO+(J = 1–0)
(Tsuboi et al. 1999, 2011), and CS(J = 2–1) line (Paper
II). The CS(J = 4–3) and CS(J = 5–4) lines are dom-
inated instead by the more compact ridges and dense
clouds. The major features of the CND, the 20 km s−1
cloud, the 50 km s−1 cloud, and the high velocity com-
pact cloud (HVCC; CO 0.02-0.02) (Oka et al. 1999) are
in general consistent in all the lines.
In contrast to these well known structures, we found
there is a ridge-like structure shown in the CS(J = 4–
3) line map. At the position of this ridge-like structure,
compact clouds can be seen in the CS(J = 1–0) and CS(J
= 2–1) lines, immersed in the background diffuse emis-
sion. In Figure 3, we show the larger scale map of the
polar arc (PA), as measured in the CS(J = 1–0) line, and
the central region as measured in the CS(J = 4–3) line.
We also overlay the 20 cm continuum emission on these
maps. We find that the CO 0.02-0.02 cloud and the ridge-
like structure may form a complete “northern molecular
loop” which we have highlighted with the yellow dashed-
ellipse. The northern molecular loop structure may en-
close the northern radio halo. A similar structure can
3also be seen in the low-J CS(J = 2–1) and CS(J = 1–0)
lines, but the CS(J = 4–3) line exhibits clearer features.
3.2. Channel Maps
In Figure 4, we show the CS(J = 4–3) line channel
maps at the velocity resolution of 10 km s−1. The pur-
pose of showing the channel maps is to demonstrate the
kinematics of the individual cloud structures. The coher-
ent kinematics often help to define distinct structures.
The CND appears as a high velocity (−110 km s−1 to
110 kms−1) feature (the green ellipse) centered on SgrA*
(green cross). The well studied 20 km s−1 and 50 km s−1
clouds show a velocity gradient from -30 km s−1 to 80
km s−1, which is rotating with respect to SgrA* (e.g.
Mart´ın et al. 2012; Liu et al. 2012). The CO 0.02-0.02
cloud (Oka et al. 1999, 2008) is seen from 80 to 110 km
s−1. The ridge-like structure is detected roughly from 30
km s−1 to 90 km s−1 (labeled as green stars). Consis-
tent with Figure 1, this structure was only detected with
individual clumps in the CS(J = 1–0), the CS(J = 2–1)
and the CS(J = 5–4) images. Here we call this ridge-
like structure the “connecting ridge” (CR). The width
of the CR is ∼ 2′ (4.6 pc). The CR seems not to have
been detected before. We searched through the litera-
ture. The large scale survey of 13CO (Bally et al. 1988),
12CO (??), and NH3 (?) do not show the CR in their
maps. The NH3 line map of the entire 200 pc TR made
with ATCA (?) suffers from the missing flux, and there
is no detection for the CR. The CR is also absent in
the Mopra molecular line maps of the CMZ (Jones et al.
2012, 2013). This is probably because of the lower sensi-
tivity and resolution for the past observations. It is also
possible to be the excitation effect. We will discuss this
in the section of discussion. In the CS(J = 4–3) channel
map, the CR seems to extend to the north of the Galac-
tic plane and coincides with the base of the PA (labeled
as the green solid-squares). Our CS(J = 4–3) line obser-
vations did not cover the PA. Hence we show in Figure 5
the channel maps of the CS(J = 1–0) line in the same
velocity range of 30 km −1 to 110 km −1. At the velocity
of 30 km s−1, the CR seems to be near the CND and ap-
pears to connect to the Galactic plane. We have called
this part of the structure in the Galactic plane the “disk
ridge” (DR) (labeled by the green solid-triangles).
In Figure 6 we show the channel maps of the CS(J =
5–4) line smoothed to the same angular resolution of 38′′
for the CS(J = 4–3) line. The CS(J = 5–4) line is in
general consistent with the CS(J = 4–3) line, but traces
more compact structures. However, this is likely due to
a factor of two lower sensitivity in the CS(J = 5–4) line.
For the CR, we only detect some faint clumps from 40
km s−1 to 80 km s−1. We also detected the base of the
PA similar to the Figure 5.
3.3. The Position-Velocity Diagram
In Figure 7, Figure 8 and Figure 9 we show the
position-velocity diagrams (pv-diagrams) of the DR, the
CR, and the PA. We show these diagrams in order to
demonstrate the coherent kinematics within each of the
structures, and with respect to each other. In Figure 8
we merge the pv-diagrams of the DR, the CR, and the
PA in order to see the continuity of the ridges. Our CS(J
= 4–3) line data does not cover the PA region, so we also
show the pv-diagrams of the CS(J = 1–0) data along the
PA for comparison. As indicated in the CS(J = 4–3) line
channel maps (Figure 4), the CR appears from ∼50 km
s−1 and smoothly connects to the PA at velocity ≥80 km
s−1. Although the CR becomes fainter in the CS(J = 1–
0) line, Figure 8 suggests that the DR, the CR, and the
base of the PA have smooth velocity transitions along
the structure. We emphasize that this continuous nature
of the kinematics is the principal argument in favor of a
coherent structure.
In Figure 9 we found that the PA seems to show ex-
panding features. In paper II, we measured the whole PA
with expanding velocity of ∼74 km s−1. The detail dis-
cussion and results are in paper II. In the DR, there are
several clumps which show broadened FWZI linewidths
of ∼90 km s−1, which might indicate that they are phys-
ically near the CND. There are also some clumps in the
CR which have broad linewidths (FWZI ∼50 km s−1).
The linewidths are about a factor of 2 larger than the
values in the rest of the region, and can be seen in the
other CS lines. This is best seen in the velocity dispersion
maps presented below.
3.4. The Ridge From 30 km s−1 to 90 km s−1
From the channel maps and the pv-diagrams, we found
that the velocity of the CR is roughly from 30 km s−1 to
90 km s−1. We made the integrated intensity map and
the intensity-weighted mean velocity map of the CS(J
= 4–3) line from 30 km s−1 to 90 km s−1 (Figure 10).
The spectra of the DR, CR, and the base of the PA are
shown from Figure 11 to Figure 12. The spectra of the
CR also suggest that the FWZI velocity range is from
30 km s−1 to 90 km s−1. The velocity map (Figure 10b)
shows two kinematic systems: (1) along the 20 km s−1
cloud to the 50 km s−1 cloud, (2) from the DR to the
CR. The velocity patterns are different and this kinemat-
ical behavior argues for the DR being a distinct feature
within the Galactic plane.
In Figure 14, we show the intensity-weighted velocity
dispersion map of the CS(J = 4–3) line. The velocity dis-
persions of the DR, the CND, the CR, the CO 0.02-0.02
cloud, and near the PA, are larger than the surround-
ing material by about a factor of 2 or higher. The gas
with high velocity dispersions also surround the 20 cm ra-
dio halo, which is similar to the northern molecular loop
structure seen in Figure 2. We notice that the gas of the
20 km s−1 cloud and the 50 km s−1 cloud also have higher
velocity dispersions near the radio halo. By inspecting
the spectra and the channel maps of the data, we find
that the line widths of the 20 km s−1 and 50 km s−1
clouds are mainly intrinsically broad, and the northern
molecular loop consists of multiple distinct components
at the velocities of ∼ −12.5 km s−1 and 47.5 km s−1. We
emphasize that it is the enhanced velocity dispersions, to-
gether with the continuous kinematics, which argue that
the CR, DR, and PA, could be a single coherent feature.
3.5. The CS Line Ratios
In Figure 15 we show the CS(J = 4–3)/CS(J = 2–
1), CS(J = 4–3)/CS(J = 1–0), CS(J = 5–4)/CS(J = 4–
3), and CS(J = 5–4)/CS(J = 1–0) intensity ratio maps.
We integrated the maps from −160 km s−1 to +160 km
s−1 with a convolved beam of 40′′. We utilized data
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with significance ≥ 3σ. Figure 15 represents the average
intensity ratios because multiple components have been
integrated along the line of light. The distributions of
the CS(J = 4–3)/CS(J = 2–1) and CS(J = 4–3)/CS(J
= 1–0) ratios are similar. The CR and the base of the
PA have higher ratios than the ambient gas by a factor
of ∼2 in the CS(J = 4–3)/CS(J = 2–1) ratio map, and
the CS(J = 4–3)/CS(J = 1–0) ratio map shows higher
contrasts than the CS(J = 4–3)/CS(J = 2–1) ratio map.
The CND has higher ratios than the 50 km s−1 and 20
km s−1 clouds, and is comparable to the CR in the CS(J
= 4–3)/CS(J = 1–0), CS(J = 4–3)/CS(J = 2–1), and
CS(J = 5–4)/CS(J = 1–0) ratio maps. We emphasize
that the enhanced line ratios is another argument for the
CR, DR, and PA, to be a coherent structure. The high-J
line ratios of CS(J = 5–4)/CS(J = 4–3) are higher in the
50 km s−1 and 20 km s−1 clouds ≥ 1.5 than in the CND
∼ 1.2. We will discuss the difference of the ratio maps in
the section of discussion.
3.6. Derived Parameters
3.6.1. Rotational Diagrams
In Figure 16, we show the rotational diagrams of the
major components mentioned above for the CS(J = 5–4),
CS(J = 4–3), CS(J = 2–1), and CS(J = 1–0) lines. The
usefulness of such a diagram depends on the assumption
of thermal equilibrium. We convolved all of the CS line
maps to the same angular resolution of 40′′ and velocity
resolution of 5 km s−1. For the CR, we measured the
rotational temperature of the broadline clump shown in
Figure 12. We also present the rotational diagrams of
the DR and the base of the PA. For these 3 regions,
the fluxes used for the rotational diagrams are averaged
from the spectra shown in Figure 11, Figure 12, and Fig-
ure 13. For the CR, we measured the flux from 30 km
s−1 to 90 km s−1. The fluxes used in the rotational dia-
grams are presented from Table 1 to Table 3. We could
estimate the rotational temperature (Trot) and column
densities (Nmol) of the CS lines by assuming optically
thin and local thermodynamic equilibrium (LTE). The
column density in the upper level (Nu) is expressed as
Nu =
8pikBν
2
∫
Tbdv
hc3Aul
, (1)
where kB and h are the Boltzmann and Planck constants,
respectively. Aul is an Einstein A coefficient from upper
(u) to lower state (l), ν is the frequency of the line, c is
the speed of light, and Tb is the brightness temperature
of the line. In the LTE condition, Nu is written as
Nu =
Ntotal
Q(Tex)
gu exp
(
−
Eu(erg)
kBTex
)
, (2)
where Ntotal is the total column density of a given
molecule, Q(T ) is a partition function, Eu is an energy
at level u above the ground state, and gu is the statistical
weight. Hence we could rewrite the equation as
ln
(
Nu
Ntotal
)
= −
1
Trot
Eu(K) + ln
(
gu
Q(Trot)
)
. (3)
Therefore, we could determine the total column density
and the excitation temperature by fitting a straight line
for the data, plotted in logarithmic form, with Equa-
tion 3. The Eu(K) is Eu(erg)/kB for multiple lines with
different Eu. This excitation temperature is called the
“rotational temperature” (Trot) because we measured the
rotational transitions of CS molecules. The derived Trot
is also a lower limit to the kinetic temperature (Tkin),
since the gas may not be thermalized. The detailed
methods of the rotational diagram were described in
Goldsmith & Langer (1999). In Figure 16, we found that
the rotational diagrams of all the features could not be
described by a single component. The CS(J = 5–4) and
CS(J = 4–3) lines define a flatter slope than the CS(J
= 1–0) and CS(J = 2–1) lines. This suggests that the
molecular gas is a mixture of “high-temperature” and
“low-temperature” components along the line of sight.
If we assume the high-J lines (J≥4) represent warmer
components, then it indicates the Trot of the warm gas
components are higher than the cold components by a
factor more than three. Our results on the presence of
multiple temperature components are consistent with the
NH3 line observations (Herrnstein & Ho 2005b). The fit-
ted results are presented from Table 1 to Table 3. The
Trot are similar for the DR, the CR and the base of the
PA. However, the base of the PA is very close to the CR
and the Trot differences might not be discernible. Also
the Trot (High) of the DR is almost twice higher than
the CR and the PA. This indicates that the DR is closer
to the CND. We note that the fitted rotational tempera-
tures for the CS lines are low relative to the expectations
from the NH3 observations. This is an immediate hint
that the assumption of LTE is probably not correct for
the CS lines. This means that the density may not be
high enough and will have to be taken into account. We
discuss this further below. However, regardless of the
actual density and temperatures of the gas, we empha-
size that the different CS line ratios help us to isolate
different cloud components.
3.6.2. Statistical Equilibrium
In order to derive the physical properties of molec-
ular gas instead of the optically thin assumption,
we used the 1D radiative transfer code called Radex
(van der Tak et al. 2007) to perform the statistical equi-
librium calculations. Radex uses the escape probability
formalism (Goldreich & Kwan 1974) to solve the statis-
tical equilibrium equations to model the observed line
intensities for given physical conditions. The statistical
equilibrium calculations account for the opacity effects
as well as subthermal excitation, while the rotation dia-
gram analysis relies on optically thin approximation and
LTE conditions.
The Rayleigh-Jeans approximated brightness temper-
ature (Tb (K) or
∫
Tb dv (K km s
−1) are calculated for
each molecule with varying molecular column density, H2
density of the main collision partner, and kinetic temper-
ature. The observe main beam brightness temperature
(Tmb) is diluted by the beam filling factor f ,
f =
θs
θs + θb
=
Tb
Tmb
, (4)
where θs is the source size and θb is the beam size. The
brightness temperature of the source will be diluted if the
source size is smaller than the beam size. We adopted
5line ratios to constrain the statistical equilibrium while
canceling beam filling factors. Comparison of the mod-
els and the observations was performed with the χ2-
statistics for each set of parameters. We find the best
fit models by minimizing χ2 value. In this paper, we
use the uniform sphere geometry, single collision part-
ner (H2), and background temperature of 2.73 K. The
collisional rate and spectroscopic data of CS molecule
were taken from Leiden Atomic and Molecular Database
(LAMDA) (Scho¨ier et al. 2005; Lique et al. 2006).
We construct a 50×50×50 grid of parameter space for
kinetic temperature (TK), molecular hydrogen density
(nH2), and column density of CS molecule (NCS).
1. TK is from 10 K to 650 K.
2. nH2 is from 10
4 cm−3 to 5×107 cm−3.
3. NCS is from 10
12 cm−2 to 1016 cm−2.
We then estimate the best fitted TK, nH2 , and NCS by
comparing with the ratios and intensities.
The input CS line fluxes are the same as the values used
for rotational diagrams method. From Figure 17 to Fig-
ure 19 we show the χ2 contours versus TK and nH2 . From
Table 1 to Table 3 we show the derived parameters with
best fitted χ2. The Trot and the NCS derived in the rota-
tional diagram method are lower than the values derived
in the statistical equilibrium method. We also present
the excitation temperature and the opacity calculated
from the Radex code. The excitation temperature of the
four CS lines are different. The opacity is optically thin
in the CS(J = 1–0) line, and ≥1 for the CS(J = 2–1),
CS(J = 4–3), and CS(J = 5–4) lines. These might sug-
gest that the CS lines are likely to be subthermal since
the excitation temperature is lower than the kinetic tem-
perature. From Figure 17 to Figure 19 we show the CS
J-ladder diagram of the data and the model. Our results
show that the beam filling factors of this region are from
0.14 to 0.2, which suggest sources are much smaller than
the beam size. This might also explain the lower NCS
derived in the rotational diagrams, since the brightness
temperature used for the rotational diagrams are diluted
by the beam.
4. DISCUSSIONS
4.1. Why the CR is Bright in the CS(J = 4–3) Line?
We detected the CR in the new CS(J = 4–3) line map.
This component also exists in the CS(J = 1–0), CS(J =
2–1), and CS(J = 5–4) lines, but is much more visible in
the CS(J = 4–3) line map. The CS(J = 1–0), CS(J =
2–1), and CS(J = 5–4) lines only detected several com-
pact clouds of the CR. The extended emission was only
marginally detected in the CS(J = 1–0) and CS(J = 2–1),
but not detected in the CS(J = 5–4) lines. For the CS(J
= 5–4) line, insufficient sensitivity is likely the reason
that the extended emission of the CR was not detected.
The CS(J = 4–3) line intensity of the extended emission
of the CR is ∼0.4 K, and the noise level of the CS(J = 5–
4) line is 0.17 K (Tmb). Hence the noise will dominate in
the CS(J = 5–4) line map if the CS(J = 5–4) and CS(J =
4–3) intensities are comparable. Indeed for the compact
clouds detected in both of these lines, the intensities are
comparable.
As in previous discussions, it is distinctly possible that
the various transitions are sampling different regions with
different excitation. We can then set some limits on the
possible ranges of conditions by considering the avail-
able transitions. We check the excitation conditions un-
der which the CS(J = 4–3) line is most prominent. If
the gas is thermalized, i.e. if the density is sufficiently
high so that all the energy levels are in thermal equilib-
rium, the relative intensity of the different transitions is
just a function of temperature. This is the basis of the
analysis of equation (3), and the utility of the rotational
diagrams. If the gas is not thermalized, then the relative
intensity ratios of the various transitions will be a func-
tion of excitation temperature, filling factor, frequency,
and opacity. The excitation temperature is of course
driven by the density (cf. van der Tak et al. 2007). The
CS line ratios are sensitive to the density of the molec-
ular gas because of its large dipole moment, and small
frequency spacing between the transitions. Hence the
CS molecule is a useful density tracer (van der Tak et al.
2007). Our statistical equilibrium calculations show that
the physical conditions (nH2 , NCS, and TK) of the DR,
CR and the base of the PA are similar. The CS(J =
1–0) line is optically thin, and the other lines are opti-
cally thick. The CS(J = 4–3) line has highest opacity as
compared to the other lines. For the Rayleigh Jeans ap-
proximation, the brightness temperature is proportional
to f(Tex−Tbg)(1−e
−τ ), where Tex, Tbg, τ , f are the ex-
citation temperature, background temperature, opacity,
frequency, and filling factor of a transition. Considering
the modeled parameters and the Rayleigh Jeans approxi-
mation, the CS(J = 4–3) line is intrinsically brighter than
the CS(J = 1–0) and CS(J = 5–4) lines. The brightness
temperature of the CS(J = 2–1) line is comparable to
the CS(J = 4–3) line. Our statistical equilibrium results
suggest that for nH2 = 10
5.7−5.9 cm−2, TK = 18K, and
NCS = (2− 4)× 10
15 cm−2, the CS(J = 4–3) will be the
brightest line of the CR.
Our resolved ratio maps (Figure 15) might suggest the
variation of excitation conditions. As shown in the CS(J
= 4–3)/CS(J = 2–1) ratio map (and similarly with CS(J
= 4–3)/CS(J = 1–0)), the connecting ridge has higher
line ratios for lines with larger energy differences. This
indicates higher temperatures, an is as expected as large
energy gaps will be sensitive to higher temperatures.
These higher ratios also suggest higher opacity in the
connecting ridge than the ambient gas.
It is interesting to ask why the CS(J = 4–3)/CS(J = 2–
1) and CS(J = 4–3)/CS(J = 1–0) ratios of the 20 km s−1
and 50 km s−1 clouds are not as significant as in the CS(J
= 5–4) ratios. The CS(J = 4–3)/CS(J = 2–1) and CS(J =
4–3)/CS(J = 1–0) ratios show different distribution from
the CS(J = 5–4)/CS(J = 1–0), and CS(J = 5–4)/CS(J
= 4–3) ratio maps, where the 20 and 50 km s−1 clouds
show high ratios. We note that in Figure 16, the dense
gas in the Galactic center has structures of multiple-
temperature components, where the CS(J = 1–0) and
CS(J = 2–1) lines represent cooler component, and CS(J
= 4–3), CS(J = 5–4) lines represent warmer component.
If this implies that the gas is a mixture of different ex-
citation conditions (temperature, density), then in the
CS(J = 4–3)/CS(J = 2–1) ratios map, we are sampling
the cooler part of the 20 and 50 km s−1, and the CS(J =
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5–4) line traces better the warmer components in these
clouds. Therefore, the variations of the ratios from high-
J to low-J lines indicate the mixture of multiple phases
of the molecular gas, and its sensitivity to different trac-
ers. Our results are consistent with the previous results
(e.g., ???Serabyn et al. 1992; Huettemeister et al. 1993;
Herrnstein & Ho 2005b).
4.2. The Possible Origins of the CR
In Figure 10 we found that there are two kinematic
systems: (1) the disk rotation of the 20 km s−1 and 50
km s−1 clouds, (2) the velocity-gradient along the DR,
CR, and the base of the PA (Figure 8). The velocity gra-
dient along the DR, CR and the base of the PA seem to
suggest a coherent extraplanar structure, and the gradi-
ent is not aligned with the Galactic plane. Sofue (1996)
studied the 13CO(J = 1–0) line data from the Bell Lab-
oratory Survey (BLT)(Bally et al. 1987)(beam=100′′).
They pointed out a pair of molecular spurs are associ-
ated with the galactic center lobe (GCL)(Sofue & Handa
1984; Bland-Hawthorn & Cohen 2003). The eastern- and
western-spurs are receding and approaching at Vlsr of
∼100 km s−1 and ∼ −150 km s−1, respectively. The size
scale of the molecular spurs is ∼30 pc. In this paper we
confirm that the location of the eastern-molecular spur
is coincident with the PA with consistent velocity.
In Figure 9, we found that the PA shows expanding
motion. We estimate the energy of this feature. The
kinetic energy (Ek) of the PA is,
Ek =
1
2
Mridge∆V
2, (5)
where the Mridge is the molecular hydrogen mass of the
ridge, and the ∆V is expanding velocity of 74 km s−1
(paper II). We derive the gas mass (MH2) of the entire
PA from the CS(J = 1–0) map. We adopted the same
equation from Tsuboi et al. (1999), with Tex of 20 K,
and the CS abundance of 10−8 (Irvine et al. 1987). The
corresponding MH2 is 1.5×10
5 M⊙ and the kinetic en-
ergy of the PA is from 8×1051 erg (paper II). One of the
possible origin of the energy input is from multiple su-
pernova explosions, which is able to release the energy
into the ISM with efficiency up to 20% (Weaver et al.
1977; McCray & Kafatos 1987). Hence we need around
40 supernova explosions to push the gas (PA) away, or 8
supernova explosions for 100% efficiency.
In Figure 20, the 10 GHz continuum emission of the
GCL (Handa et al. 1987) is shown as a dome-shaped,
limb-brightened bipolar structure in the Galactic cen-
ter. It has a vertical extension more than 200 pc.
The GCL was detected in the radio continuum emis-
sion (Sofue & Handa 1984; Law et al. 2008a,b), the dust
emission at 8.3µm (Bland-Hawthorn & Cohen 2003),
and the radio recombination lines (Law et al. 2009). The
GCL was proposed to be the entrainment of dust by the
large-scale bipolar wind powered by the central starburst,
which had taken place within the last 7 Myr with an en-
ergy ejection zone of 100 pc (Bland-Hawthorn & Cohen
2003). In Figure 20, the dust emission of the GCL shows
molecular counterparts of the eastern (positive velocity)
and western spurs (negative velocity) detected by (Sofue
1996). The eastern spur is the PA shown in the CS(J =
1–0) line (Tsuboi et al. 1999) (Figure 20). The PA shows
vertical extension of ∼43 pc from the central disk. The
preliminary idea for this paper is that the molecular gas
originally in the disk was pushed out by the supernova
explosions. Here are some of the indirect evidences for
this idea: (1) the continuity of the velocities of the DR,
CR, and PA. The CR, DR has velocity gradient orthog-
onal to the Galactic disk, (2) the expanding motion of
the PA, (3) similar physical conditions of the DR, CR,
and PA, (4) the high dispersions surrounding the 20 cm
radio halo. However, since we only have morphological
association of the GCL and the CR/PA, it is unclear
whether the kinetic energy within the CR/PA was con-
verted from the kinetic energy of stellar feedback. A large
molecular line map of the entire GCL will provide better
constraints. The detail studies of the expanding features
in the Galactic center is presented in paper II. The other
possibility is that the DR, CR, ad PA are formed by the
magnetic buoyancy caused by the Parker instability (field
strength of ∼150µG) (Fukui et al. 2006; Machida et al.
2009; Takahashi et al. 2009). We will discuss this the
next paper (paper II).
4.3. From Small Scale (pc) to Large Scale (kpc)
The ubiquitous presence of nuclear winds and outflows
are recently shown from nearby star-formaing galaxies to
the high-z galaxies (Veilleux et al. 2005; Ho et al. 2014;
Rubin et al. 2014; Chen et al. 2010; Murray et al. 2011).
In the case of the IC 342, which is one of the near-
est galaxy at a distance of 3.5 Mpc (Wu et al. 2014).
Schinnerer et al. (2008) suggested that the giant molec-
ular associations (GMAs) (gas mass: 107 − 108M⊙) in
its nuclear region are pushed out by the violent nuclear
starburst. The mechanical energy of the stellar wind is
able to push out the GMAs from 12 pc to 50 pc rela-
tive to the galactic center. On the large scale of kilo-pc,
the intensive studies of NGC 253 (Bolatto et al. 2013)
and M82 (Ohyama et al. 2002) also showed that the cen-
tral starburst activity is able to push large amounts of
molecular gas away from disk. This disruption may pre-
vent the gas from forming stars in the immediate future.
The Galactic wind can play the role of suppression of
star formation in galaxies.
5. SUMMARY
Our high resolution CS line maps provide an alterna-
tive way to study the physical conditions and the dy-
namics of the extraplanar structures which can not be
done with the continuum observation. We detected a new
component (CR) in the CS(J = 4–3) line. Our statisti-
cal equilibrium results suggest that for nH2 = 10
5.7−5.9
cm−2, TK = 18K, and NCS = (2 − 4) × 10
15 cm−2, the
CS(J = 4–3) will be the brightest line of the CR. The
CR is spatially and dynamically associated with the ex-
traplanar PA. The kinetic and the spatial continuation
of the disk ridge, the CR, and the PA suggest the molec-
ular gas originally in the disk might be lifted, possibly
by the energy of 8-80 supernova explosions. The PA is
spatially and kinematically associated with the eastern
molecular spur of the GCL. A large and sensitive molec-
ular line map is awaited to study the kinematics of the
entire GCL.
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Table 1
The Disk Ridge
Line CS(J = 1–0) CS(J = 2–1) CS(J = 4–3) CS(J = 5–4)∫
Tbdv
a 69.9±14.1 85.3±11.8 66.1±11.0 52.3±15.4
FWHM dv (km s−1) 17 15 18 13
Rotational Diagrams Method
NCS (cm
−2) (4.2±0.6)×1014
Trot (K) 10.0±0.8
Trot(Low) (K) 4.0±0.8
Trot(High) (K) 17.0±8.6
Statistical Equilibrium Modeling Results
Minimum χ2b 0.6
NCS (cm
−2) 4.0×1015
TK (K) 18.2
log(nH2 ) density (cm
−2) 5.9
Opacity 0.7 2.8 5.3 4.5
Excitation temperature (K) 20.3 17.1 14.8 12.6
a The integrated flux is average over the 9 points shown in Figure 11, where 1 point is ∼ 40′′.
b The degree of freedom of our parameters is 3 and the derived χ2 corresponds to probability of 0.9.
Table 2
The Connecting Ridge
Line CS(J = 1–0) CS(J = 2–1) CS(J = 4–3) CS(J = 5–4)∫
Tbdv
a 32.4±15.6 49.6±19.3 41.9±7.7 20.6±10.9
FWHM dv (km s−1) 17 15 18 13
Rotational Diagrams Method
NCS (cm
−2) (2.4±0.9)×1014
Trot (K) 9.0±1.5
Trot(Low) (K) 5.0±3.2
Trot(High) (K) 10.0±4.9
Statistical Equilibrium Modeling Results
Minimum χ2b 0.39
NCS (cm
−2) 2.0×1015
TK (K) 18.2
log(nH2 ) density (cm
−2) 5.7
Opacity 0.32 1.56 3.0 2.17
Excitation temperature (K) 24.0 16.0 12.0 9.4
a The integrated flux is average over the 9 points shown in Figure 12, where 1 point is ∼ 40′′.
b The degree of freedom of our parameters is 3 and the derived χ2 corresponds to probability of 0.9.
11
Table 3
The Base of the Polar Arc
Line CS(J = 1–0) CS(J = 2–1) CS(J = 4–3) CS(J = 5–4)∫
Tbdv
a 52.4±11.9 63.8±12.4 54.2±9.7 25.6±10.5
Rotational Diagrams Method
NCS (cm
−2) (3.4±0.6)×1014
Trot (K) 9.0±0.8
Trot(Low) (K) 4.0±1.0
Trot(High) (K) 10.0±3.7
Statistical Equilibrium Modeling Results
Minimum χ2b 1.5
NCS (cm
−2) 3.2×1015
TK (K) 18.2
log(nH2 ) density (cm
−2) 5.6
Opacity 0.61 2.78 5.19 3.89
Excitation temperature (K) 21.8 15.6 12.1 9.5
a The integrated flux is average over the 9 points shown in Figure 13, where 1 point is ∼ 40′′.
b The degree of freedom of our parameters is 3 and the derived χ2 corresponds to probability of 0.7.
Figure 1. (a) 20 cm continuum map taken by the VLA (Yusef-Zadeh et al. 2004) (beam=30′′). Several well studied features related to
the massive stars in the Galactic center are labeled. The contour levels are 0.15, 0.2-1 (step of 0.1), 1.3, 1.5, 3-9 (step of 1) Jy beam−1.
(b) Integrated intensity map of the CS(J = 1–0) line (color) (Tsuboi et al. 1999) with the beam size of 60′′ overlaid with the 20 cm radio
continuum map (contours, the levels are the same with (a)). The cross and ellipse label the positions of SgA* and the CND, respectively.
The major features of the polar arc, the 20 km s−1 cloud, 50 km s−1 cloud, and the HVCC CO0.02-0.02 (Oka et al. 1999) are labeled. The
color bar denotes the unit of K m s−1.
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Figure 2. Integrated intensity maps of the CS(J = 1–0) (Tsuboi et al. 1999), CS(J = 2–1) (Paper II), CS(J = 4–3), and CS(J = 5–4) lines
from −160 km s−1 to 160 km s−1 (color map). The color bar denotes the intensity in unit of K m s−1. The beam sizes were smoothed to
40′′ (blue circle in the bottom right corner). The cross and ellipse mark the positions of SgA* and the CND, respectively. The contours of
the 20 cm continuum emission are overlaid on the color maps. The connecting ridge (CR) found in the CS(J = 4–3) line map was labeled.
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Figure 3. (a) Integrated intensity maps of the 45m CS(J = 1–0) line (grey), the CSO CS(J = 4–3) line (pink contours). The contour
levels are 15, 20, 30, 40, 50, 60 K km s−1. The red rectangle shows the map size of the CSO CS(J = 4–3) line observations. The green
ellipse marks the CND, and the green cross marks the SgrA*. The Galactic latitude of 0◦ is shown as dashed-line. The green dashed-ellipse
indicates the northern molecular loop mentioned in Sect.3.1. (b) Same with (a), but the contours are the 20 cm radio continuum (pink
contours). The contour levels are 0.15, 0.2-1 (step of 0.1), 1.3, 1.5, 3-9 (step of 1) Jy beam−1.
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Figure 4. Channel maps of the CS(J = 4–3) line emission. The beam size is 38′′ (the blue circles on the bottom right corner). The
systematic velocities are labeled in the top left corner in unit of km s−1. The contours are -5, 3, 6, 9, 12, 15, 18, 21, 24σ, where σ is 0.05
K. The triangles show the “disk ridge”. The stars show the “connecting ridge” revealed in our CS(J = 4–3) line map. The squares mark
the “polar arc” called by Bally et al. (1988). Our CS(J = 4–3) line map does not cover the polar arc, and we show the larger CS(J = 1–0)
line map (Tsuboi et al. 1999) in Figure 5 for comparison. The color bar is in unit of K (TA*).
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Figure 4. Continue.
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Figure 5. Channel maps of the CS(J = 1–0) line emission (Tsuboi et al. 1999). The systematic velocities are shown in the top left corner.
The contours are -5, 6, 9, 12, 15, 18, 21, 24σ, where σ is 0.04 K. We show the CS(J = 1–0) channel maps for comparing with Figure 4 from
30 km s−1 to 110 km s−1. The labels are the same with Figure 4. The color bar is in unit of K (TA*).
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Figure 6. Channel maps of the CS(J = 5–4) line emission. The beam size was smoothed to 38′′ to compare with the CS(J = 4–3) line
map. The numbers on the top left corner are the systematic velocity. The contours are, -5, 3, 6, 9, 12, 15, 18, 21, 24σ, where σ is 0.13 K.
Our CS(J = 5–4) line maps are slightly larger than the CS(J = 4–3) line map, and cover the base of the PA. The color bar is in unit of K
(TA*).
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Figure 6. Continue.
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Figure 7. CS(J = 1–0) integrated intensity map within ±160 km s−1 (grey) overlaid on the CSO CS(J = 4–3) line integrated from 30
km s−1 to 90 km s−1(contours). The contour levels of the CS(J = 4–3) line are, 11, 13, 15, 20, 30, 50 K km s−1. The location of the
CND and SgrA* were labeled by the ellipse and cross, respectively. The slices for the pv-diagrams are shown in Figure 8 and Figure 9.
The directions of the slices are shown as arrow, D1, D2, D3 indicate the pv-diagrams of the disk ridge, C1, C2, and C3 indicate the slices
of the CR, and P1, P2, P3 indicate the slices along the base of the PA.
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Figure 8. Merged pv-diagrams of the disk ridge (D1,D2,D3), CR (C1,C2,C3), and the PA (P1,P2,P3) traced by the CS(J = 4–3) (color)
and the CS(J = 1–0) line (contours). The first contour is 2.5 K, and in step of 2.5 K. The black dashed lines mark the cuts of the DR, CR,
and PA in Figure 7. The origin of the x-axis starts from the top points of D1, D2, and D3. The pv-diagrams of D1-C1-P1, D2-C2-P2, and
D3-C3-P3 are merged to show the connections.
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Figure 9. PV-diagrams of the PA. Top: the CS(J = 1–0) line data sliced with P1, P2, and P3. Bottom: The CS(J = 4–3) line data sliced
with P1, P2, and P3. The red ellipse marks the expanding motions of the PA.
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Figure 10. (a) Integrated intensity map from 30 km s−1 to 90 km s−1 of the CS(J = 4–3) line. The color bar denotes the unit of the grey
map in K m s−1 (TA*). The contours are 3, 6, 9, 12, 15, 18, 21, 24, 30, 35 K m s
−1. (b) the intensity-weighted mean velocity map from
30 km s−1 to 90 km s−1 (color) overlaid on the intensity contours shown in (a). The color bar denotes the unit of m s−1. The spectra of
the DR, CR, and base of the PA are shown from Figure 11 to Figure 13, where the positions of the spectra are marked with the 9 points
yellow crosses for each region. The regions of DR, CR, and the base of the PA are the top left, bottom right, and top right, respectively.
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Figure 11. Spectra of the DR. The CS(J = 5–4), CS(J = 4–3), CS(J = 2–1), and CS(J = 1–0) lines are shown for the 9 points (1 point
is averaged with 40′′ × 40′′ to measured the fluxes) shown in Figure 10. The positions of the 3 by 3 grid spectra are shown in Figure 10
(top left box). The DR is the positive velocity source with intensity peak at ∼55 km s−1.
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Figure 12. Spectra of the CR. The CS(J = 5–4), CS(J = 4–3), CS(J = 2–1), and CS(J = 1–0) lines are shown for the 9 points (1 point
is averaged with 40′′ × 40′′ to measured the fluxes) shown in Figure 10. The positions of the 3 by 3 grid spectra are shown in Figure 10
(bottom right box). The CR is the positive velocity source appears from 30 km s−1 to 90 km s−1 at FWZI. The emission shown at ∼ 50
km s−1 is also shown in Figure 9.
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Figure 13. Spectra of the base of the PA. The CS(J = 5–4), CS(J = 4–3), CS(J = 2–1), and CS(J = 1–0) lines are shown for the 9 points
(1 point is averaged with 40′′ × 40′′ to measured the fluxes) shown in Figure 10. The positions of the 3 by 3 grid spectra are shown in
Figure 10 (top right box). The PA is the positive velocity source with intensity peak at ∼62 km s−1. The emission shown at ∼ 50 km s−1
is also shown in Figure 9.
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Figure 14. (a) Velocity dispersion map (color) of the CS(J = 4–3) line made with ±133 km s−1. The contours of the 20 cm continuum
emission are overlaid. The unit of the color bar is m s−1. (b) The color map is the same with (a), and the contours of CS(J = 4–3)
integrated intensity map (±133 km s−1) are overlaid. The contour levels are 50, 60, 70, 90, 100, 130, 150, 170, 190 K km s−1.
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Figure 15. Intensity ratio maps of the four CS lines. The color bar denotes the intensity ratios. We integrated the data from −160 km
s−1 to +160 km s−1, and divided two maps to obtain the ratio maps. The ratios of CS(J = 4–3)/CS(J = 1–0), CS(J = 4–3)/CS(J = 1–0),
CS(J = 5–4)/CS(J = 4–3), and CS(J = 5–4)/CS(J = 1–0) are presented. We smoothed the data to beam size of 40′′ to make the ratio
maps. The central ellipse and cross mark the location of the CND and SgrA*, respectively. The color scale was matched from 0.3 to 3 for
all images for comparison.
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Figure 16. We made the rotational diagrams with the CS(J = 1–0) (Tsuboi et al. 1999), CS(J = 2–1) (Hsieh et al. 2015), CS(J = 4–3),
and CS(J = 5–4) lines. We show the rotation-diagrams of the DR, CR, and the base of the PA. The fluxes are taken from the average
spectra presented in Figure 11, Figure 12, and Figure 13. The derived rotational temperatures Trot, Trot(High), and Trot(Low) are labeled
on the plots.
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Figure 17. CS molecule J-ladder plot of the DR. The x-axis denotes the upper J level. The y-axis denotes the integrated main beam
brightness temperature. The fluxes measured from our data is shown in black line with diamond symbol. The error bar is the rms of the
fluxes, and used for the χ2 fitting. The contours are the corresponding probabilities of 90% (minimum χ2 = 0.6), 80%, 70%. The best
fitted model (constrained by the intensity ratios) is shown in red asterisk. The model was multiplied by the average beam filling factor of
0.16. See Table 1 for the derived parameters.
30 Hsieh et al.
Figure 18. CS molecule J-ladder plot of the CR. The x-axis denotes the upper J level. The y-axis denotes the integrated main beam
brightness temperature. The fluxes measured from our data is shown in black line with diamond symbol. The error bar is the rms of the
fluxes, and used for the χ2 fitting. The contours are the corresponding probabilities of 90% (minimum χ2 = 0.39) to 50%, 10% in step.
The best fitted model (constrained by the intensity ratios) is shown in red asterisk. The model was multiplied by the average beam filling
factor of 0.14. See Table 2 for the derived parameters.
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Figure 19. CS molecule J-ladder plot of the base of the PA. The x-axis denotes the upper J level. The y-axis denotes the integrated main
beam brightness temperature. The fluxes measured from our data is shown in black line with diamond symbol. The error bar is the rms
of the fluxes, and used for the χ2 fitting. The contours are the corresponding probabilities of 70% (minimum χ2 = 1.5), 60%, and 50%.
The best fitted model (constrained by the intensity ratios) is shown in red asterisk. The model was multiplied by the average beam filling
factor of 0.2. See Table 3 for the derived parameters.
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Figure 20. 10 GHz continuum (Handa et al. 1987) (color image) overlaid on the contours of CS(J = 1–0) line (Tsuboi et al. 1999) (60′′
beam) integrated over ±217.5 km s−1. The contours are 15, 30, 50, 70, and 90 K km s−1. The map area of the CS(J = 1–0) line is denoted
by the black dashed polygon. The yellow dashed line box denotes the PA.
